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    To sum up, this thesis intends to contribute in the following aspects with polarimetric SAR 
(PolSAR) and interferometric SAR (InSAR) in bistatic configuration, following with the 
preprocessing of polarimetric calibration, advancements of bistatic polarimetric and 
interferometric measurements, advancements of wide-angle UWB polarimetric 
characterization investigation and sub-look analysis. The results are elaborated point-to-point. 
Fully polarimetric synthetic aperture radar (PolSAR) has widely been applied in a wide 
range of terrain classification, geophysical parameters retrieval, target detection, to name a few. 
However, the advantages of a fully PolSAR can only be exploited after an accurate polarimetric 
calibration is done. A polarimetric calibration method has been devised utilizing only three 
types of calibration targets, i.e. trihedral, dihedral, and a 22.5°-rotated dihedral corner reflectors 
and requiring no assumptions on the scene statistics. The influence of the roll angle in a 22.5°-
rotated dihedral corner reflector has been assessed by a full-wave numerical simulation. The 
effectiveness and accuracy of the method have been verified with a GB-SAR (Ground-based 
Synthetic Aperture Radar) system and an airborne L-band Pi-SAR data. It has been 
demonstrated that an amplitude error as low as 0.5 dB and a phase error within 3° can be 
achieved, showing an excellent agreement between the theoretical and calibrated polarimetric 
signatures for the reference targets. We have been further exploited the calibration on the Pauli 
decomposition, Yamaguchi four-component decomposition, and the estimation of the 
polarimetric parameters derived from target scattering vector method (TSVM) decomposition 
to show the superior performance of the devised calibration method. As a further research step, 
some possible bistatic calibration targets, especially canonical targets which commonly used 
for monostatic calibration, have been investigated by numerical simulation.  
A monostatic/bistatic ground-based synthetic aperture radar (GB-SAR) system using an 
Optical Electric Field Sensor (OEFS) as the bistatic receiving unit has been designed for target 
imaging and two-dimensional (2D) displacement estimation purposes. The designed system 
has the capability of acquiring the monostatic and bistatic SAR images simultaneously from 
different looking angles, enabling the displacement vector estimation of the illuminated area. 
The spatial baseline between the monostatic and bistatic receivers is selected according to the 
estimation precision analysis. Experimental results are presented to evaluate the performance 
of the designed system and the proposed method. The displacement estimation accuracies in x 
and y directions can reach millimeter level. 
The reciprocity assumption is usually applied and scattering matrices are usually supposed 
to be symmetrical in monostatic scattering. Following this, the four polarizations have been 
acquired in monostatic configuration eventually, the entropy of information is still limited to 
the three measurements because of the identical value generated from the cross-polarization 
terms. Naturally, extending to bistatic scattering is expected to produce additional information 
in characterizing and interpreting the target of interest for segmentation, classification and 
detection as more observing angles are introduced, and the reciprocity assumption is generally 
invalid. As radar cross section and scattering coefficients depend on the direction of the 
transmitted and the scattered waves, bistatic SAR enables to acquire the target scattering 
information from the different observing angles for better recognition of the polarimetric target 
signature. Based on the designed monostatic/bistatic GB-SAR system, fundamental 
experiments have been carried out two canonical targets, a trihedral corner reflector and a 
dihedral corner reflector, showing the fully polarimetric acquisition capability of the system. 
Moreover, the different polarization characteristics from the monostatic SAR images have been 
found by analyzing the bistatic polarimetric SAR images.  
By adopting an ultra-wide bandwidth and exploiting a wide-angle synthetic aperture, SAR 
can achieve high spatial resolutions in the range and azimuth directions, respectively. 
Incorporate with polarimetry diversity, which allows to explore the polarimetric scattering 
mechanism of the illuminated targets. Integrated these characteristics, wide-angle ultra-
wideband polarimetric synthetic aperture radar with canonical targets have been investigated 
numerically and experimentally. Furthermore, the frequency and azimuth dependencies on 
polarimetric scattering responses have been evaluated. High-resolution range profiles and 
PolSAR images have been presented. Polarimetric signatures on different antenna positions, 
frequency points have been compared.  
Along with the investigation of wide-angle ultra-wideband PolSAR characterization, the 
sub-look analysis is promising to provide secondary information as well, such as the time-
variant and space-variant characteristics. In particular, most commonly used SAR imaging 
algorithms are imposing the assumption of isotropic point scattering mechanisms, which does 
not hold for wide-angle apertures. In terms of canonical targets, the aspect-dependent 
characteristic of polarimetric scattering responses may change drastically spans a wide-angle 
aperture because of shadowing, sparkling, and non-point-like geometry. The sub-look analysis, 
benefited from the adoption of wide-angle ultra-wideband PolSAR on resolution enhancement, 
is devoted to split the full-aperture into smaller sub-apertures to explore the time-frequency 
variations, isotropic and anisotropic scattering. The initial simulation and experimental results 
on sub-look analysis have been presented to validate the theoretical analysis. 
At last, based on the previous studies of bistatic interferometry, bistatic polarimetry, wide-
angle UWB PolSAR, polarimetric calibration, sub-look analysis, the promising directions of 
feasible applications can be expected as follows: preprocessing, no matter in monostatic or 
bistatic configuration, polarimetric calibration is an indispensable preprocessing step to prepare 
for the next polarimetric applications, such as land-use classification, geo-bio-physical 
parameters extraction, and target detection. Moreover, bistatic interferometry and polarimetry 
can be integrated for better recognizing and characterizing the target of interest. The proposed 
PolSAR simulation method can be used for investigating the combined effects of wide-angle 
UWB PolSAR and the subsequent sub-look analysis.  
 
